Background
==========

Cervical carcinoma is a malignant distortion, effecting a large number of women across the globe \[[@b1-medscimonit-26-e920248],[@b2-medscimonit-26-e920248]\]. In accordance with the statistics by the WHO (World Health Organization) cervical cancer is the second leading cancer prevailing in women with an approximate number 450 000 patients each year. Nearly 270 000 deaths are registered due to this lethal disease yearly and surprisingly 85% deaths occur in developing countries \[[@b3-medscimonit-26-e920248]\]. Long-term HPV (human papillomavirus) infection is a leading cause of cervical cancer \[[@b4-medscimonit-26-e920248]\]. Integration of HPV genome with host genome causes an alteration in number of cellular processes \[[@b5-medscimonit-26-e920248]\]. Despite advancements made towards cervical cancer treatment but still the protocol for persistent, effective and recurrent substitute treatment procedures with lower side-effects are on high demand \[[@b6-medscimonit-26-e920248]--[@b9-medscimonit-26-e920248]\]. Understanding of molecular mechanism of cervical cancer have led to different treatment options and targeting specific pathway within a cell is one among them. Chemotherapy has changed since last two decades after the introduction of different therapies like target anticancer agents and monoclonal antibodies. Due to the inconsistent efficiency of current treatments, probability of recurrence, higher side-effects and tall cost of care has a great effect on a patient's life quality. Major clinical issues for cervical cancer treatment is that some patients do not respond well to treatment and disease relapsing \[[@b10-medscimonit-26-e920248]\]. Thus, to overcome the shortcomings of currently available treatment we need to move to new and efficient once. Natural products have offered a huge number of potential anticancer agents that are used in chemotherapy and some are in clinical trials \[[@b11-medscimonit-26-e920248]--[@b17-medscimonit-26-e920248]\]. Labdane diterpenes mostly found in plants have revealed various cytotoxic properties against different human cancer cell lines \[[@b18-medscimonit-26-e920248]--[@b22-medscimonit-26-e920248]\]. Sclareol, a labdane diterpene representative has been used in fragrances, flavoring additive and in beverage industries. Sclareol has a potential to trigger antitumor effects in various human cancer cell lines including leukemia and breast cancer cells. It has also shown to suppress the development of human colon cancer cells in immune-deficient mice xenografts. Combination therapy using natural products and clinically approved anticancer drugs has been shown to be much more effective and has lesser side effects. The main aim of the current study was to evaluate the anticancer effects of sclareol as well as its anticancer enhancing activity (of cisplatin) in human cervical cancer cells along with examining its effects on MAPK/ERK signaling pathway, apoptosis and cell cycle arrest.

Material and Methods
====================

Cell viability determination
----------------------------

The induction of cytotoxicity by sclareol alone and in association with cisplatin on human HeLa cervical cancer cell lines (procured from Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences) was determined through MTT assay. In brief, using 96-well plates, cells were cultured and subjected to incubation with 5% CO~2~ incubator at 25°C for 12 hours. Incubation was followed by treatment with sclareol (0, 3, 6, and 12 μM) and cisplatin at varying doses individually as well as in association with each other. After treatment with sclareol (98% pure, HPLC) and cisplatin (Sigma, St. Louis, MO, USA), cells were further incubated in 5% CO~2~ incubator for a time period of 48 hours at 37°C. Afterwards, MTT solution (5 mg/mL) was poured into the 96-well plates containing treated HeLa cell cultures and further incubated for 4 hours. Finally, formazan crystals were collected and dissolved in DMSO (dimethyl sulfoxide). Hence absorbance was calculated at a wavelength of 540 and 630 nanometers (Envision microplate reader (PerkinElmer, Waltham, MA, USA) and number of viable cells was determined as compared to controls. Here cisplatin was taken as positive control.

Phase contrast microscopy
-------------------------

To determine the cell morphology after sclareol treatment of human HeLa cervical cancer cells, phase-contrast microscopy was used. HeLa cells were cultured in cultural dishes with 60 mm diameter, at a density of 3×10^5^ cells/well and incubated for 48 hours with varying doses of sclareol (viz control, 3, 6, and 12 μM). Afterwards, total medium was discarded, and cells were subjected to washing with phosphate-buffered saline (PBS). Finally, using Phase-contrast microscope morphological modifications in HeLa cells were observed at a magnification of 200× (Leica DMI 3000B, Germany).

DAPI (4′,6-diamidino-2-phenylindole) staining and TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labelling) assay for apoptosis determination
---------------------------------------------------------------------------------------------------------------------------------------------------------

For DAPI (4′,6-diamidino-2-phenylindole) staining human HeLa cervical cancer cells were cultured in 24-well tissue culture grade plates (Greiner, Germany) for 12 hours. After culturing, cells were treated with control, 3, 6, and 12 μM of sclareol with incubation for 1 day. After incubation with sclareol molecule, cells were washed with PBS followed by fixation for 20 minutes with 2% paraformaldehyde. Thereafter, cells were treated with 0.2% of triton X-100 in PBS for 20 minutes at 25°C followed by further washing with PBS. Afterwards cells were subjected to staining with DAPI and incubated in dark for half an hour. Finally, observations were recorded with a fluorescence microscope (200×) (IXL 40, Labovision, India).

For TUNEL assay, cells were cultured and treated as above and then plated at a density of 2×10^4^ onto the glass coverslips. Human HeLa cervical cancer cells were incubated for 12 hours using 0.1% DMSO M199 medium. Afterwards, In Situ Cell Death Detection kit (Roche Diagnostics, Basel, Switzerland) was utilized to execute TUNEL assay (terminal deoxynucleotidyl transferase mediated Detection kit (Roche Diagnostics, Basel, Switzerland), in accordance to the manufacturer's guidelines. Apoptosis was determined as the percentage of positive cells per 1000 DAPI-stained nuclei. Finally, at a magnification of 200×, cells were visualized under a fluorescence microscope (Nikon Eclipse 50i).

MMP (matrix metalloproteinase) determination
--------------------------------------------

MMP (matrix metalloproteinase) was detected by using flow cytometry (Beckman-Coulter Co., USA) with a cell permeable cationic dye Rh123. Briefly, cell cultures were treated with varying doses of sclareol viz control, 3, 6, and 12 μM, and then exposed for 40 minutes, to a fluorescent dye, at 100 Ag/L concentration and at 37°C. Afterwards, treated and stained human HeLa cervical cancer cells were pipetted out and washed with PBS. Grouping of the cells was performed so that each sample contains 10 000 cells and examination of cells was done through flow cytometry (FACSCalibur flow cytometer, BD Biosciences).

Cell cycle analysis
-------------------

KeyGenDNA Content Quantitation assay (Nanjing KeyGen Biotech Co., Ltd.) was performed to analyze cell cycle phase-distribution, sticking strictly to the manufacturer's protocol. Human HeLa cervical cancer cells were seeded at a density of 3×10^5^ cells/well in a 6-well plate. These plates were then incubated with different doses (control, 3, 6, and 12 μM) of the molecule for 12 hours. Incubation was followed with collection and washing twice with PBS. After that washed cells were fixed overnight in 70% cold methanol at 4°C. Again, washing with PBS was done. Washing was followed by addition of 100 μL RNase solution and incubating for half an hour at 25°C. Finally, staining with propidium iodide (PI) at 4°C was performed for 30 minutes in the dark, and cell fluorescence intensity was developed at 480 nm through flow cytometry (FACSCalibur flow cytometer, BD Biosciences) using Novoexpress version 1.0.2 software (ACEA Biosciences Inc.).

Western blotting analysis
-------------------------

Western blotting technique was used to assess the protein expressions of sclareol treated HeLa cervical cancer cells (like expressions of MAPK/ERK signaling pathway, apoptosis and cell cycle, related proteins). After treatment with varying doses of sclareol, cells were lysed using RIPA (radioimmunoprecipitation assay) buffer. BCA (bicinchoninic acid) assay was performed to measure protein content within each lysate. Further, these lysates were transferred onto the SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel electrophoresis) followed by shifting to nitrocellulose membranes. Primary antibody treatment at 4°C and secondary antibody treatment at room temperature were given to the lysed cells for 12 hours. Visualization of protein bands was performed through advanced chemiluminescence using Odyssey infrared imaging system (Pierce, Rockford, IL, USA), Actin was used for normalization.

Statistical analysis
--------------------

Whole data was revealed as mean±standard deviation. All the samples and experiments were carried in triplicates. One-way analysis of variance (ANOVA) and Duncan's multiple range tests (DMRT) statistical importance was used to measure the significant differences among groups. In comparison to control, *P*\<0.05 was considered statistically significant.

Results
=======

Chemosensitivity enhancement by sclareol in human HeLa cervical cancer cells
----------------------------------------------------------------------------

MTT assay was used to determine cell viability. Cell viability was established both individually and with co-administration of sclareol ([Figure 1A](#f1-medscimonit-26-e920248){ref-type="fig"}) and cisplatin. Results showed that the chemosensitivity of target cells was enhanced in a dose dependent manner. It was observed that when cisplatin was used individually at concentrations of 0, 0.5, 1, and 2 μM, cell viability decrease was 100%, 55%, 35%, and 25% respectively. When sclareol was used individually at concentrations of 0, 3, 6, and 12 μM cell viability was near about 100%, 60%, 40%, and 20%. But results were quite impressive on co-administrating, that is using (cisplatin+sclareol) 0: 0, 0.5: 3, 1: 6, and 2: 12 μM cell viability decreased as 100%, 35%, 20%, and 10%, respectively ([Figure 1B](#f1-medscimonit-26-e920248){ref-type="fig"}). From the aforementioned results it was crystal clear that there was an enhancement in chemo-sensitivity of cisplatin on co-administrating with sclareol and in a dose-dependent manner.

Sclareol targeted the MAPK/ERK signaling pathway in human HeLa cervical cancer cells
------------------------------------------------------------------------------------

Western blotting analysis was performed to establish the effect of sclareol on MAPK/ERK signaling pathway. Expressions of this pathway related proteins like p-MEK, MEK, p-ERK, and p-ERK were determined after exposure to varying doses of sclareol (control, 3, 6, and 12 μM). Results revealed that there was a potential decrease in the levels of p-MEK and p-ERK and no change in the levels of MEK and ERK ([Figure 2](#f2-medscimonit-26-e920248){ref-type="fig"}). Thus, clearly indicative of blockage of MAPK/ERK signaling pathway in a dose-dependent manner.

Cell morphological changes after sclareol treatment to Human HeLa cervical cancer cells
---------------------------------------------------------------------------------------

Cell morphology was studied through phase-contrast microscopy. Results were observed at exposure to different concentrations of test molecule and revealed significant changes in the morphology of human HeLa cervical cancer cells. Significant modifications include decreased volume, membrane blabbing, cell rounding and cell shrinkage. Besides cellular modifications, the effect on cell morphology was observed to be dose dependent as the cellular damage increased on increased doses of test molecule ([Figure 3](#f3-medscimonit-26-e920248){ref-type="fig"}).

Apoptosis analysis through DAPI and TUNEL assay
-----------------------------------------------

DAPI staining and TUNEL assay were used to determine apoptosis induction by test molecule. DAPI staining revealed some of the significant changes in the cell morphology, which showed the induction of apoptosis like membrane blebbing and formation of apoptotic crops. Further, it was depicted through TUNEL assay that apoptosis induction was due to damage done to nucleus and DNA. Increased frequency of apoptotic cells with increased doses of sclareol was observed. Thus, both DAPI and TUNEL assay clearly indicate that the cytotoxic effects of sclareol were due to apoptosis induction ([Figure 4](#f4-medscimonit-26-e920248){ref-type="fig"}). Western blotting analysis was also performed to check the levels of apoptosis related proteins like BAX and BCL-2. The results showed that there was a dose dependent increase in BAX and decrease in BCL-2 levels ([Figure 5](#f5-medscimonit-26-e920248){ref-type="fig"}).

Suppression of MMP by sclareol in human HeLa cervical cancer cells
------------------------------------------------------------------

MMP calculations were performed through flow cytometry. Results indicated that with increasing dose concentration of sclareol MMP decreased significantly. It was observed that at concentrations of 0, 3, 6, and 12 μM, the MMP was reduced from 100% to about 20% ([Figure 6](#f6-medscimonit-26-e920248){ref-type="fig"}). Thus, revealing that there was a clear reduction in MMP of target cells and that too in a dose dependent manner.

Sclareol targets S-phase of the cell cycle in human HeLa cervical cancer cells
------------------------------------------------------------------------------

KeyGenDNA Content Quantitation assay (Nanjing KeyGen Biotech Co., Ltd.) was performed to analyze cell cycle phase-distribution. On treatment with varying doses of sclareol (control, 3, 6, and 12 μM) cell number belonging to different phases of cell cycle was calculated. It was found that the number of S-phase cells increased significantly from 30 to 70% as compared to the others, which decreased on increasing doses of test molecule ([Figure 7](#f7-medscimonit-26-e920248){ref-type="fig"}) indicating S-phase cell cycle arrest. Further western blotting analysis was performed to check the levels of cell cycle related proteins. Results indicated a significant suppression in CDK-1 and Cdc25C, and enhancement in the levels of p-CDK-1, cyclin-B1, cyclin-A,and p-Cdc25C ([Figure 8](#f8-medscimonit-26-e920248){ref-type="fig"}).

Discussion
==========

Cervical cancer is second largest cancer type prevailing in women worldwide, with a higher number of deaths and new incidents each year. The lethality of this malignancy gets enhanced due to side effects of current chemotherapy, disease reoccurrence, and deteriorating the patient's lifestyle \[[@b10-medscimonit-26-e920248]\]. Thus, to curb this malignancy new approaches and chemotherapeutic agents are required. Among the novel approaches, increasing the chemosensitivity of conventionally available therapeutic agents, is one such method. Chemosensitivity comes into play when the cancerous cells become resistant to multiple drugs, thus, co-administrating with some other drugs overcomes the drug resistance also known as resistance modifiers and increases the efficacy of main chemotherapeutic agents \[[@b23-medscimonit-26-e920248]\]. Combination therapy using anticancer drugs and naturally occurring chemicals is regarded as an effective strategy for cancer treatment with higher efficiency. Many natural products like resveratrol, curcumin, genistein, and epigallocatechin-3-gallate have not only shown anticancer effects themselves but also, they enhance the efficacy of clinically approved anticancer drugs. It has been proven that these natural compounds exert these effects by altering various cell signaling biochemical pathways \[[@b24-medscimonit-26-e920248]--[@b26-medscimonit-26-e920248]\]. Herein, the current study reveals that sclareol diterpene enhances chemosensitivity of cervical cancer cell lines towards cisplatin by targeting MAPK/ERK signaling pathway, induction of mitochondrial mediated apoptosis and cell cycle arrest. MTT assay was performed for determination of sclareol and cisplatin effect on cell viability of human HeLa cervical cancer cells. Results clearly indicated that both cisplatin and sclareol inhibited the cell viability individually in a dose-dependent manner but what was quite impressive is that on co-administration the anticancer activity increased in comparison to individual administration. Thus, it may be stated in other words that sclareol co-administration with cisplatin increased chemosensitivity of HeLa cervical cancerous cells. Sclareol targeted the MAPK/ERK signaling pathway in human HeLa cervical cancer cells as evidenced from western blotting analysis, the levels of this pathway related proteins were altered significantly as the levels of p-MEK and p-ERK reduced and MEK and ERK remained constant on increasing doses of test molecule. Afterwards, cell morphological changes after sclareol treatment to human HeLa cervical cancer cells were assessed through phase-contrast microscopy, results indicated significant morphological changes indicative of cellular damage. Thereafter, apoptosis analysis through DAPI and TUNEL assay were performed, which revealed that after sclareol treatment, membrane blebbing and formation of apoptotic crops took place. It was also depicted through TUNEL assay that the damage was mediated via DNA damage. The expressions of apoptosis related proteins were also examined, results revealed that the expressions of BAX increased and BCL-2 decreased on increasing doses of test molecule. Further, MMP percentage was evaluated through flow cytometry, results revealed that the MMP percentage dropped significantly from 100% to near about 20% after treatment with increasing doses of test molecule. Finally, cell cycle analysis was performed using KeyGenDNA Content Quantitation assay, results evidenced that there was an amplification in the number of S-phase cells as compared to the others, indicative of S-phase cell cycle arrest. Finally, the expressions of cell cycle associated proteins were developed through western blotting which indicated a significant suppression in CDK-1 and Cdc25C, and enhancement in the levels of p-CDK-1, cyclin-B1, cyclin-A, and p-Cdc25C. Sclareol has been reported to induce cell cycle arrest and apoptosis in human breast cancer cells and enhances the anticancer effects of various anticancer drugs. Sclareol has also been reported to inhibit cell proliferation and sensitize human cervical cancer cells to bortezomib by upregulating the tumor suppressor caveolin-1 \[[@b27-medscimonit-26-e920248],[@b28-medscimonit-26-e920248]\].

Conclusions
===========

In conclusion, sclareol is a potential anticancer agent against human HeLa cervical cancer cells. The anticancer effects of sclareol were found to mediate via targeting MAPK/ERK signaling pathway, induction of mitochondrial mediated apoptosis and cell cycle arrest. In addition to this, sclareol enhanced the cisplatin chemosensitivity of human HeLa cervical cancer cells.
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![(**A**) Chemical structure of sclareol. (**B**) MTT assay for cell viability determination. Cell viability was determined individually and together with cisplatin and sclareol on human HeLa cervical cancer cells as indicated. All experiments were executed in triplicates, the graphs were shown as means±standard deviation and \* *P*\<0.05.](medscimonit-26-e920248_g001){#f1-medscimonit-26-e920248}

![Effect of sclareol on the expressions of MAPK/ERK signaling pathway related proteins. Actin was used as loading control. All experiments were done in triplicates.](medscimonit-26-e920248_g002){#f2-medscimonit-26-e920248}

![Representative photomicrographs demonstrate morphological changes of human HeLa cervical cancer cells. Cells were treated with sclareol for 48 hours and captured at magnification of 200× by inverted phase contrast microscope. All experiments were done in triplicates.](medscimonit-26-e920248_g003){#f3-medscimonit-26-e920248}

![Apoptosis determination at varying concentrations of sclareol viz control, 3, 6, and 12 μM by DAPI staining (blue) and TUNEL assay (green). As demonstrated treated cells show apoptotic crop formation and membrane blebbing. TUNEL-positive apoptotic cells were detected by localized FITC-fluorescence. Experiments were done in triplicates. DAPI -- 4′,6-diamidino-2-phenylindole; TUNEL -- terminal deoxynucleotidyl transferase dUTP nick end labelling; FITC -- fluorescein isothiocyanate.](medscimonit-26-e920248_g004){#f4-medscimonit-26-e920248}

![Western blotting analysis for determination of apoptosis related proteins like BAX and BCL-2, at various doses of sclareol as indicated. Taking actin as internal control. Experiments were done in triplicates.](medscimonit-26-e920248_g005){#f5-medscimonit-26-e920248}

![MMP measurement through flow cytometry at varying doses of sclareol as indicated. Experiments were executed in triplicates and the value are shown as±standard deviation (\* *P*\<0.05).](medscimonit-26-e920248_g006){#f6-medscimonit-26-e920248}

![Cell cycle phase distribution after treatment with variable doses of sclareol viz control, 3, 6, and 12 μM. With enhancing doses of sclareol the number of G2/M-phase cells and G0/G1 decreased significantly as compared to the S-phase cells, which increased as indicated. Experiments were done in triplicates and the values are shown as±standard deviation.](medscimonit-26-e920248_g007){#f7-medscimonit-26-e920248}

![Expressions of cell cycle related proteins at various doses of sclareol viz control, 3, 6, and 12 μM, revealing a significant suppression in CDK-1 and Cdc25C, and enhancement in the levels of p-CDK-1, cyclin-B1, cyclin-A, and p-Cdc25C.](medscimonit-26-e920248_g008){#f8-medscimonit-26-e920248}
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